. The shoots produced under anaerobic conditions were chlorotic. Wang (22) reported that E. crusgalli germinated under anaerobic conditions produced shoots devoid of both Chl and Pchl(ide). The ultrastructure of the plastids was very abnormal (19).
Iron and 02 are essential to a vast array of biological functions.
In this investigation, we have attempted to study those effects that are directly related to the Chl biosynthetic pathway.
In higher plants, Fe deficiency results in chlorosis. This relationship was carefully documented by DeKock et al. (6) and by Evans (8) . Marsh et al. (15) noted an inhibition of '4C incorporation from citrate, succinate, and a-ketoglutarate into Chl in Fedeficient cowpeas. In photosynthetic bacteria, Fe deficiency results in the accumulation and excretion of intermediates in the tetrapyrrole biosynthetic pathway, particularly coproporphyrin (14) . This finding led to the hypothesis that coproporphyrinogen oxidase (EC 1.3.3.3) is an Fe-requiring enzyme; and in fact the activity of the enzyme isolated from tobacco leaves was inhibited by chelating agents and stimulated by added Fe2+ (11) .
Recently, aquatic plants, notably rice and Echinochloa crusgalli (L.) Beauv., were shown to possess metabolic adaptations that allow them to germinate and grow under essentially complete anaerobiosis (20) . The shoots produced under anaerobic conditions were chlorotic. Wang (22) reported that E. crusgalli germinated under anaerobic conditions produced shoots devoid of both Chl and Pchl(ide). The ultrastructure of the plastids was very abnormal (19 
RESULTS
The accumulation of Mg-Proto(Me) in Fe-stressed leaf tissue was detectable by spectrofluorimetry (Fig. 1) . In all cases, Fe stress increased the amount of Mg-Proto(Me) relative to Fe-sufficient (control) plants. As much as 55 pmol g-' fresh weight accumulated in Fe-stressed, chlorotic leaf tissue, whereas, Fe-sufficient tissue usually contained less than 5 pmol g-1 fresh weight (Fig. 1) . When chlorosis was induced by other manipulations (S, Mg, N deficiency, or an 11-day dark treatment) little or no Mg-Proto(Me) accumulated, and in general, the level of these metalloporphyrins bore no relationship to the degree of chlorosis (Fig. 2) .
Potamogeton pectinatus L. and Potamogeton nodosus Poir. were grown under a nitrogen atmosphere and analyzed for porphyrin Chl precursors in experiments analogous to those with Fe-stressed plants. The anaerobically grown P. pectinatus accumulated 3 times more Mg-Proto(Me) than the air-grown tissue and only 7% as much Chl. The P. nodosus accumulated 10 times more MgProto(Me) and 38% as much Chl as the control (Table I) .
When the tetrapyrrole precursor, ALA, was supplied to Festressed and anaerobic tissue, the accumulation of Mg-Proto(Me) was enhanced (Tables II, III , and IV, Fig. 3 Fig. 3 ). In these experiments (Tables II, III , and IV, Fig. 3 (Table IV) . Duggan and Gassman (7), working with bean leaves observed that, as their treatment with a,a'-DP became more severe, the ratio of Mg-Proto(Me) to Pchlide increased. We have noticed the same shift to a higher Mg-Proto(Me)/Pchlide ratio with bean and corn plants grown in culture solution, as the Fe deficiency chlorosis became progressively more pronounced (Fig. 3 , Table II ).
Vlcek and Gassman (21) have shown that the Mg-Proto(Me) that is accumulated in bean leaves incubated overnight with a,a'-DP, is converted to Pchlide during a subsequent 6-h incubation with FeCl2, ZnCl2, or CoCl2. This conversion requires 02, but is not inhibited by poisons of mitochondrial respiration or by mitochondrial uncouplers. Presumably, Zn2+ and Co2' displace the endogenous Fe2+ from its a,a'-DP binding, and thus reactivate an Fe-requiring oxygenase. On the other hand, in their system, the conversion of the accumulated Mg-Proto(Me) to Pchlide appears to require the synthesis of new protein, because added metal salts have little effect in the presence of cycloheximide. This suggests that Zn and Co displace the endogenous Fe from its a, a'-DP binding and make it available for incorporation into an Ferequiring oxygenase synthesized de novo during the 6-h incubation.
In our plants grown under Fe or 02 deficiency, the accumulation of Mg-Proto(Me), though highly significant, was considerably less than the Chl deficit. We propose two reasons for this lack of stoichiometry:
(a) Mg-Proto(Me) tends to inhibit the formation of ALA and thus to stop its own synthesis. In vivo, the intraplastidic concentrations of Mg-Proto(Me) could reach levels that are sufficiently high to inhibit ALA synthesis (5) .
(b) Mg-Proto(Me) is easily photo-destroyed, even at moderate light intensities, presumably because the Mg-Proto(Me) accumulated under these conditions is not stabilized by a normal membrane. Vastly reduced thylakoid systems have been demonstrated in the chloroplasts of Fe-deficient (13, 18) and anaerobic (19) tissue.
